D-A124 749  MAGNETIC AND ELECTRICAL
XIDE(III)(U) BRBWN _UNIV PROVIDENCE RI DEPT OF
ENISTRY H LEIVR ET AL. 16 NOY 82 TR-22

CHEN
UNCLASSIFIED NO8914-77-C-8387 F/G 2@/3 NL




=

lle=
=3

l:l%mzz
w LS =
g
'

=
14 e

MICROCOPY RESOLUTION TEST CHART
NATIONAL SUREAU OF STANDAROS - 1963 - A




ADAL1271719

DHI8 FILE COPY

N

2z

SECURITY CLASSIFICATION OF TwHI§ »» Toen e e,
P, RZAD INSTRUCTIONS
REPORT DOCUMEN vATION “ 4512 l BEFORE COMPLETING FORM
TTRESSAT UVELE - TTLAN T T AN NS, 3. TICIPIENT'S CAYALOG MUMBER
22 ARAI2IDLD |

4. TITLE “and Subtirte) l 3. TYPE CF REPORT A PERIOD COVERED

MAGNETIC AND ELECTRICAL PROPERTIES OF RHODIUM(IIIﬁ
OXIDE(III) 3 asn:canmczozna. REPORT NUMBER

7. AUTHOR's, (3 CONTRACT OR GRANT NUMBER(s)
H. Leiva, R. Kershaw, K. Dwight, and A. Wold
N00014-77-C-0387

9. PERFORMING ORGANIZATION NAME AMD ADDRESS 10 PROGRAM ELEMENT. PROJECT, TASK
AREA & WORK UNIT NUMBERS

Professor Aaron Wold )

Brown University, Department of Chemistry NR-359-653

Providence, R.I., 02912

1. COMTROULLING OFFICE NAME AND AUCHESS 12. REPORT DATE

Dr. David Nelson Code 472 November 16, 1982
Office of Naval Research 13. NUMBER OF PAGES
17

Arlington, Virginia 22217

T4 MONITIRING AGENCY NAME & ACCRESStf dlileron: from Contrclisng Oflice, 15, SECURITY CLASS. (of thie report)

"Sa. DECL ASSIFICATION DOANGRADING
SCHEDULE

16. DISTRIBUTION STATEMENT “of this Report)

APPROVED FOR PUBLIC RELEASE: DISTRIBUTION UNLIMITED

17. DISTRISUTION STATEMENT [of the abstract entered In Black 20, 1 ditferent (rom Report)

18. SUPPLEMENTARY NOTES

SUBMITTED TO THE MATERIALS RESEARCH BULLETIN

19. KEY #ORDS (Continue un reverse siue tf necessary and tdentify dv Slock numter)
Orthorhombic Corundum Related Structure

Pauli Paramagnetism
P-Type Conduction

4ol 5 ACT /Continue on r~verve side If necevaary and iisntily v dlock numbee)
Rhp07(I1I) crystallizes with an orthorhombic corundum-related structure and is
Pauli paramagnetic. Its electrical behavior is characterized by a small
activation energy, and the Seebeck coefficient indicatcs p-type conduction.
This oxide may be considered as a semimpyal, and its properties are discussed
in terms of face and edge sharing of P.ho6 octahedri}x\\‘

£cam
DD |, 5"y 1473  eoimion of 1 nov €S 12 OescLETE
$/N 0102-014¢ 6671

SECUMTY CLASSIFICATION OF THIS PAGE (When Dars Bnterey)




OFFICE OF NAVAL RESEARCH
Contract N00O14-77-C-0387
Task No. NR-359-653
TECHNICAL REPORT NO. 22
Magnetic and Electrical Properties of Rhodium(IIT)OXIDE(III)

by
H. Leiva, R. Kershaw, K. Dwight, and A. Wold
Department of Chemistry
Brown University

Providence, Rhode Island 02912
Prepared for Publication

in the

Materials Research Bulletin

November 16, 1982

Reproduction in whole or in part is permitted for c ot
any purpose of the United States Government —_—

This document has been approved for public release
and sale; its distribution is unlimited




MAGNETIC AND ELECTRICAL PROPERTIES OF RHODIUM(III)OXIDE(III)

H. Leiva, R. Kershaw, K. Dwight, and A. Wold
Departaent of Chemistry, Brown University
Providence, Rhode Island 02912

Rh0x(111) crystallizes with an orthorhombic corundum-related
structure and is Psuli paramagnetic. Its electrical behavior
is characterized by a small activation energy, and the Seebeck
coefficient indicates p-type conduction. This oxide msy be
considered as a semimetal, and its properties are discussed in
terms of face and edge sharing of RhOy octahedra.

Introduction

The synthesis and crystallographic properties of the compounds
belonging to the Rh-O system have been the subject of numerous studies (1-8).
It has been found that three rhodium(111) oxides can exist uhder different
conditions: the low temperature, low pressure form (Rhy04(1)); a high
" temperature, high pressure structure (Rhy03(II)); and a gigh tempersture,
ambient pressure compound (Rh03(1I1)).

Rh203(1) has been obtained when rhodium compounds such as the
hydrous oxide, nitrate, sulfate, or chloride are decomposed between 600-750°C
(1-3). The resulting product crystallizes with the corundum structure, and
when this phase is heated between 750-1000°C, it transforms irreversibly to
Rh203(111), which is more thermally stable. The phase Rh03(111) has also
been prepared by direct oxidation of rhodium metal (2,5). A major difficulty
in obtaining pure samples of RhjO3(III) is its tendency to dissociate at
relatively low temperature. The decomposition temperature depends on the
oxygen pressure, and decreases from 1130°C at 760 torr, to 900°C at 10 torr
(3). In a reducing atmosphere, this oxide decomposes readily to rhodium
metal at about 100-150 C°(3). Rhodiwm(Ill)oxide(111) crystallizes with an
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orthorhombic corundum-related structure (space group Pbea) (S). Rhy05(1))
has been obtained by heating rhodium oxide (produced by heating rhodium(117)
chloride in air at 800°C) at 1200-1500°C and 65 kb pressure (6).

Although lhiostl) and Rhy0;(111) are the most common forms of the
rhodium(111) oxides, their magnetic and electronic properties have not been
completely determined. Rhodium(111)oxide(1]) has been reported to be a
semiconductor with a room tempersture resistivity of 130 G-cx and an activa-
tion energy of 0.16 (6), but the nature of this behavior has not been
explained.

In this study, Rh-03(11]) was prepared and characterized with
regard to its crystallographic, magnetic, and electrical properties.

Synthesis

Khodium(111)oxide(111) vas prepared by the oxidation of finely
divided rhodium metal (Engelhard Inc. 99.99%) in an oxygen atmosphere at
800°C until constant weight was obtained. A silica tube was used to contain
the rhodium powder. The product was ground each day in an agate mortar, and
then rehested. After the last hesting, the compound was allowed to cool
slowly to room temperature. The metal-to-oxygen ratio was determined by
reduction of the final product at 900°C with a mixture of 85% argon - 1S%
hydrogen. The oxygen content obtained was 18.9 weight percent, which corre-

sponds to the composition Rhy03.

Discs of M203(I1l) were made by pressing aliquots of the poly-
crystalline material st SO kb for 30 minutes at 650°C. Under these condi-
tions, only Rh20+(111) exists, since Rhy05(11) requires higher temperatures
and pressure to form. After pressing, the discs were cooled slowly, trans-
ferred to & silics tube, and annealed in air for six days at 600°C to ensure
reoxidation of any rhodium metal which might have been formed during the
sintering process. The discs were then examined by x-ray analysis in onrder
to confirm the existence of pure, homogeneous Rhy03(111). No changes of the
diffraction patterns were observed when compared to the starting polycrystal-
line Rn,04(111).

The density of these discs was determined using a hydrostatic
technique based on Archisedes'principle (9). Perfluoro-1-methyldecalin
(Pierce Chemical Co.) was used as the liquid medium, and its density was
calidrated bcfm‘uch measurement with a high-purity silicon crystal

- (Dy2°c* 2.328gAn"). An average density of 7.80 (g/cm3) was found for the
discs, which is greater than 95% of the calculated density of Rhy05(111)

(8.19 g/cad).
Magnetic and Electrical Propert ies

Magnetic measurements were performed using a Farsdsy balance (10).
The magnetic susceptibility was measured as a function of temperature from
liquid nitrogen to 300K at a field stm,th of 10.4 kOe. The data were then
corrected for core dismagnetism (-32x10-4emu/g Rh303) (11). The lack of any
field dependency of the susceptibility showed the absence of ferromagnetic
impurities.
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The van der Pauw method (12) was used to measure the electrical
vesistivities. Contacts wvere made by the ultrasonic soldering of indium
dizectly onto the sintered discs of Rh,0y(111), and their ohmic behaviors
were established by measuring their curreat-voltage charactevistics. The
Seebeck coefficiont vas obtained by applying 3 tomperature gradioent to a
sinteved disc of RhyOy(111) and recording the resulting voltage difference.

Results and Discussion

The crystal structure of Bh:03(111) was first determined by
Biesterbos and Hommstre (S). The structure projected along the orthorhowbic
x-axis is showm in Figure ). Al) of the rhodiun ions are octahedrally coor-
dinated by oxygen ioms, which in tura are bonded to four rhodium iomns. It
can be seem that rin of ! | octahedrs share faces, and each pair is
connected to another pair within the plane, and to pairs above and delow the
plane, by means of edge-sharing.

lbe,(nn prepared ia this study was orthorhombic (space g
Pdca), and following cell _constants were determined: a=»$.140(3)A,
D« $.440(1)A, and c« 14.71(1)A. These results are in good agreement with

those reported previously for Rhy04(111) (2,5).

F1c. 1

Unit cell in the structure of n,o,(m) as viewed along the
orthorhombic x-azis.
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Magnetic Properties

The magnetic data for Rh+0y(11]) shown in Figure 2 iadicate a3 weak
temperature-independent paramageetion (Pauli paramsgeetic behavior) with
x5 150 % 10" %emu/nole W03 (0.59 x 10°4emu/g Bh303). This behavior implies
probadle delocalization of electrons in Fhy03.

Electrical ies

The temperature variatios of the electrical resistivity of
M203(111) is showm ia Figure 3; the resistivity increases slightly from
40-cm at room temperature 10 4]10-c» at liquid sitroges temperature. Figure 3
shows a curvature and yields a saximum value for the activation emergy of
less tham 0.05. This indicates that Rhy0y(111) does mot follow typical
semiconductor behavior. A value of «3I%Y/°C was obtained for the Seebeck
coefficiont of (111). The magnitude of this resuit also suggests
metallic behavior; the sign indicates predonisantly p-type condiction.

Fic. 2

Varistion of mageetic
susceptidility with
tenperature for

Q’O’("I).

£16. 3

Varistion of resistivity
with teapetrsture for
.,o,nm.




The magnetic and clectrical behavior of Bh03(111) may be oxplained
by assuming the existence of sarvos d-bands and moptor lovels located
slight)y above them. Such bands probably form because each octahedra
shares a face and odges with nutbonu octabhedra. Comsequentiy, the tyy
orbitals of eack rhodium iom are alsays directied to the nearest »uﬁhuu
rhodiun 1ons alomg these divections. Ia Bh03(I11), the Mh-Bb distance
across the shaved face is 2.69%0.058 /5). which is similar to the equivalemt
distance veported for V0, hi’:g crystallizes with the yrelated corundum
Structure and possesses ¥a¥ formed by 13p-12, imteractions (13%,14).
Since motal-metal distances in these structures allon for the overlapping of
34 orbitals, it is expocted that the same overlap may occur » Bh¥03(111),
considering the larger extension of 34 wave functions. By symmetyy comsider-
tions, any overlap of orbitals across shared edges may 3iso have some oxygen
character.

In .&2", the existence of acceptor Jevels located adove
filled volence is consistent with the existence of M(IV) ions. The
existence of such acceptor levels close te the valence band is consistent
with the mal) ocbserved activation esergy obtained from Figure 3. flectirons
from the filled valence band can easily be promoted to the acceptor levels,
leasing dehind holes which can give rise to the observed p-type conduction.

Comclustons

205(111) das been and crystalliizes with an orthorhonbic
corundun-related structure. 1lding dlock of this framesnrs is an B0,
octahedron, which cos share o face and with peighboring octahedrs.
™is type of boadiag alliews for the possibility of direct rhodium:rhodium
or indirtect rhodium-cxygen-rhodium isterections, and re 10 deternine
the electrical and sagaetic properties of the oxide. Y (1i1) shows Pesii
peramegnetisn, and its electrical bohavior is characterited Oy o small acti:
vation energy. The Seebeck coefficient indicates p-type conduction. This
bebavior IS consistent with the foraation of a fllled 4-band, with hediw
or rhodlum-caygen charecter, and acceptor levels lyiang close to this band.
2“0 :c;ﬂs are dow to the presesce of o smill anount of MA(IV) in Uhe

203(111).

The deteruination of the aagnetic properties as well as
the electrical properties of My03(1il) indicates that this oxide
considered 8 senimetal.
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